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Hepatopancreatobiliary (HPB) surgery is technically challenging
and involves a lengthy learning curve.1,2 The complexity of the
procedures involved not only requires the surgeon to have the
technical skill needed to perform the surgery, as well as expertise
in perioperative management, but demands a multi-disciplinary
approach. The practice of carrying out major HPB surgery in
high-volume centres has certainly helped improve outcomes.3,4
However, despite the apparent reduction in mortality rates
following HPB surgery, morbidity remains high, indicating that
improvement is needed not only in the procedures themselves, but
also in the process of practice of HPB surgery.
Broadly, the standardization of operative technique5 and uni-
formity of practice in the form of protocol generation based on
sound evidence can aid such a thrust towards procedural and
process improvement. However, the path to success is never easy
and factors such as the difficulties involved in training surgeons in
HPB surgery2 must be considered.
In short, although recent times have witnessed considerable
improvements in outcomes in HPB surgery, we need to strive for
overall excellence. The Six Sigma methodology is a well-known
business management tool that might contribute towards the real-
ization of this goal.
Six Sigma: the process improvement tool
The Six Sigma methodology, introduced by Motorola and subse-
quently popularized by Jack Welch and General Electric (GE) in
the 1990s,6 is a ‘process excellence’ tool, the target of which is
continuous improvement. It achieves this by providing a method-
ology for improving the key steps of a process while reducing
errors to an extremely low level.
Six Sigma provides an organized process for the structured
analysis of data based on its five-step problem-solving methodol-
ogy DMAIC. This acronym refers to Define or Develop a vision,
Measure (collect baseline data on defects and possible causes),
Analyse (create a focused problem statement), Improve (create
possible solutions for root causes, and Control (develop and
document standard practices).
Six Sigma compares baseline or historical data with data
obtained after the implementation of Six Sigma-driven changes in
order to determine if desired changes in performance have been
achieved.7
Central to the practice of Six Sigma methodology is the team
that comprises persons who are a part of the system and who are
knowledgeable about the situation being studied. They are guided
by a specialist trained in the practice of Six Sigma methodology,
who is referred to as a ‘Six Sigma Black Belt’. The Black Belt advises
and aids the team in every step of the Six Sigma process.
The five problem-solving steps in Six Sigma methodology are:
• Define: the key steps in the Define phase involve identifying the
process that needs improvement and the factors that are critical
to performance of the process. In this step it is imperative that
all factors that play a role in the process that needs improvement
are clearly defined and that the desired goals are defined by the
team. Once all the factors involved in the execution of the
process under study have been defined, the most significant four
or five steps of the process are marked out in the form of a map.
• Measure: the team then marks out all factors that influence the
final outcome. If we apply the formula Y = f(x), where Y is the
final process outcome we wish to achieve, then the result is a
function of each factor (x). To simplify this step, a fishbone
diagram is plotted to provide a visual map of not only the
factors that contribute to the output, but also those that con-
tribute to variations in the process.
• Analyse: the team, together with the Six Sigma expert, analyses
those factors that have maximal influence on variation in the
process and output in terms of significance. This step thus
assumes the greatest significance because the factors chosen here
will be those that are worked upon in the next phase. If the right
factor(s) is not chosen, this can lead to considerable losses in
terms of finances and time.
• Improve: in this phase, the team works out strategies for
improving the factors identified as having the highest signifi-
cance in the previous step. Once strategies for improvement
have been implemented, the outcomes are measured again.
• Control: using the Six Sigma tables, the team then checks for
improvements against existing baseline data. In the event that
the entire process has worked satisfactorily, the gains are regis-
tered and appreciated and plans are made to either sustain the
improvement or further improve the output. It is interesting
to note that new factors, which may represent factors to be
improved upon, are sometimes unearthed during the execution
of the process.
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Six Sigma in health care
Frankel et al.8 have been credited with the first clinical application
of Six Sigma in medical practice. They used the Six Sigma meth-
odology to reduce catheter-related bloodstream infections in
an intensive care unit. Applying Six Sigma to the film library of
a film-based radiology department, Benedetto et al.9 achieved
improvements in both quantitative metrics and employee morale.
In the Netherlands,10 Six Sigma was successfully used in the
process of designing a new admissions procedure for operating
rooms, reducing the number of patients receiving intravenous
antibiotics by switching to oral administration, and decreasing
the length of hospital stay, all of which resulted in large annual
savings. Other examples of the successful use of Six Sigma in
health care include the optimization of delivery of radiological
reports, improved adherence to antibiotic prophylaxis, reductions
in emergency department waiting times, decreased turnaround
times between general surgery cases, and reductions in colon and
vascular surgical site infections.11–17
The authors’ group is amongst the first to publish on the use of
Six Sigma in clinical surgery,18 in which the process excellence
tool was used with the specific aim of improving sphincter pres-
ervation rates in low rectal cancers. The Six Sigma methodology
indicated that difficulties in performing low rectal anastomosis
could be offset by employing a double-stapled technique for
anastomosis. The implementation of this change in practice
resulted in a significant overall improvement in sphincter
preservation rates.
Where does Six Sigma fit into HPB surgery?
Hepatopancreatobiliary surgery is complex in that its execution
requires not only proper education, but also training in the
nuances of exposure,mobilization and the use of assistants during
surgery.2
Six Sigma can help improve surgical training and education by
identifying key areas for change. Major HPB institutes involved in
education and training could enlist the help of Six Sigma Black
Belts to study existing systems of training in surgery and work out
the factors involved and where changes could be made in the
design and conduct of training modules in order to improve exist-
ing standards. In addition to process improvements, procedural
improvements can also be targeted. Breaking down a procedure
into stepwise processes can help identify key steps. The impact of
imparting special training in these key steps could then be
assessed. Furthermore, Six Sigma can also be used to objectively
quantify the competence and efficiency of procedures, clinicians
and trainees.
In the practice of HPB surgery, the Six Sigma tool could be used
to analyse improvements in the process following the introduc-
tion of a change of practice. For instance, the role of perioperative
glucose control in reducing septic complications following cardiac
surgery has been well documented.19 The extent to which such a
practice impacts on outcomes following HPB surgery could be
determined. Other attempts at process improvement could
involve strategies aimed at improving the preoperative nutritional
status of patients undergoing major HPB surgery or the mainte-
nance of intraoperative normo-thermia and the subsequent
determination of the impact of such changes on postoperative
outcomes.
In addition, the steps of major HPB procedures that appear to
be crucial not only to the duration of the procedure, but also to its
successful outcome, could be studied.
Examples of Six Sigma in application to HPB surgery are given
below.
Bile duct injuries during laparoscopic
cholecystectomy
If we consider the injury to the bile duct as a defect, we first need
to measure the incidence or prevalence of this defect at the par-
ticular centre. We then plot a fishbone diagram for the procedure
of laparoscopic cholecystectomy and analyse it in order to identify
particular steps in the process that might impact on the occur-
rence of the defect. Thus, if we introduce a change, such as the
compulsory identification of Calot’s triangle or performance
of an intraoperative cholangiogram, we can then measure the
subsequent change in incidence of the defect. If the intervention
yields a positive outcome, plans can be drawn up for sustaining
the improvement.
It should be emphasized that the number of cases required to
demonstrate a statistically significant improvement brought
about by any intervention aimed at reducing bile duct injury rates
is very high, necessitating multicentre (regional or even national)
involvement.
Pancreatic fistula following pancreatoduodenectomy
If we consider the occurrence of pancreatic fistula as a defect
following pancreatoduodenectomy, we then proceed with mea-
suring the prevalence of the defect. A fishbone diagram of the
pancreatoduodenectomy procedure can be plotted and analysed
for potential sites of intervention. If, for instance, the technique
used to achieve pancreatoenteric anastomosis (dunking or
duct-to-mucosa; stenting vs. no stenting for a small pancreatic
duct; type of suture used to perform the anastomosis) can be
identified as a potential cause of pancreatic anastomotic failure,
then an intervention aimed at reducing this defect based on sound
evidence could be introduced.
Another potential intervention might involve standardizing
the anastomosis procedure. The authors’ group recently pub-
lished its experience subsequent to instigating a standardized
technique for pancreatojejunostomy. 5 Following the change in
policy regarding the performance of a duct-to-mucosa anasto-
mosis, the unit experienced a significant improvement in
pancreatic fistula rates compared with the period prior to the
implementation of the change.
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Such changes or improvements to key steps can be planned by
surgeons with considerable experience in the field and practice of
the new technique then introduced. The resulting benefits can
then be measured according to the Six Sigma methodology.
Another area of focus for Six Sigma involves waiting lists for
major HPB surgery in high-volume HPB centres. Six Sigma could
be used to design strategies to optimize the use of available sur-
gical expertise for the ultimate benefit of patients.
Thus, Six Sigma might help achieve uniformity and standard-
ization, aid auditing, provide a platform for benchmarking and
thus facilitate a migration towards improvement in overall health
care.
References
1. Tseng JF, Pisters PWT, Lee JE, Wang H, Gomez HF, Sun CC et al. (2007)
The learning curve in pancreatic surgery. Surgery 141:694–701.
2. Helling TS, Khandelwal A. (2008) The challenges of resident training in
complex hepatic, pancreatic, and biliary procedures. J Gastrointest Surg
12:153–158.
3. Birkmeyer JD, Finlayson SR, Tosteson AN, Sharp SM, Warshaw AL,
Fisher ES. (1999) Effect of hospital volume on in-hospital mortality with
pancreaticoduodenectomy. Surgery 125:250–256.
4. Choti MA, Bowman HM, Pitt HA, Sosa JA, Sitzmann JV, Cameron JL
et al. (1998) Should hepatic resections be performed at high-volume
referral centres? J Gastrointest Surg 2:11–20.
5. Shrikhande SV, Barreto G, Shukla PJ. (2008) Pancreatic fistula after
pancreaticoduodenectomy: the impact of a standardized technique of
pancreaticoduodenectomy. Langenbecks Arch Surg 393:87–91.
6. Snee RD. (2004) Six Sigma: the evolution of 100 years of business
improvement methodology. Int J Six Sigma Competitive Advantage 1:4–
20.
7. Benedetto AR. (2003) Six Sigma: not for the faint of heart. Radiol Manage
25:40–53.
8. Frankel HL, Crede WB, Topal JE, Roumanis SA, Devlin MW, Foley AB.
(2005) Use of corporate Six Sigma performance-improvement strategies
to reduce incidence of catheter-related bloodstream infections in a sur-
gical ICU. J Am Coll Surg 201:349–358.
9. Benedetto AR, Dunnington JS, Oxford-Zelenske D. (2002) Using Six
Sigma to improve the film library. Radiol Manage 24:26–35.
10. Van den heuvel J, Does RJ, Bogers AJ, Berg M. (2006) Implementing Six
Sigma in the Netherlands. Jt Comm J Qual Patient Saf 32:393–399.
11. Cavagna E, Berletti R, Schiavon F, Scarsi B, Barbato G. (2003) Optimized
delivery radiological reports: applying Six Sigma methodology to a radi-
ology department. Radiol Med (Torino) 105:205–214.
12. Parker BM, Henderson JM, Vitagliano S, Nair BG, Petre J, Maurer WG
et al. (2007) Six Sigma methodology can be used to improve adherence
for antibiotic prophylaxis in patients undergoing non-cardiac surgery.
Anesth Analg 104:140–146.
13. Moorman DW. (2005) On the quest for Six Sigma. Am J Surg 189:253–
258.
14. Adams R, Warner P, Hubbard B, Goudling T. (2004) Decreasing turn-
around time between general surgery cases: a Six Sigma initiative. J Nurs
Adm 34:140–148.
15. Pexton C, Young D. (2004) Reducing surgical site infections through Six
Sigma and change management. Patient Safety Qual Healthc. http://
www.psqh.com/julsep04/pextonyoung.html. [Accessed 16 October
2006].
16. San DC. (2002) Six Sigma method application in reducing ED wait times.
Acad Emerg Med 9:395.
17. Guinane CS, Davis NH. (2004) The science of Six Sigma in hospitals. Am
Heart Hosp J 2:42–48.
18. Shukla PJ, Barreto SG, Nadkarni MS. (2008) Application of Six Sigma
towards improving surgical outcomes. Hepatogastroenterology 55:311–
314.
19. D’Alessandro C, Leprince P, Golmard J, Ouattara A, Aubert S, Pavie A
et al. (2007) Strict glycaemic control reduces EuroSCORE expected mor-
tality rate in diabetic patients undergoing myocardial revascularization. J
Thorac Cardiovasc Surg 134:29–37.
HPB 95
HPB 2009, 11, 93–95 © 2009 International Hepato-Pancreato-Biliary Association
